Relationship of the CCA sequence of tRNA with the early evolutional aspect of aminoacyl-tRNA synthetases.
The CCA sequence is common to the 3'-ends of all tRNAs. We investigated the requirement of the CCA sequence in aminoacylation with the cognate aminoacyl-tRNA synthetases (aaRSs) and several interesting conclusions could be drawn. In tRNAs belonging to the class I aaRSs, decreased aminoacylation activities resulted from the substitution of A76 with a pyrimidine, whereas in tRNAs belonging to the class II aaRSs, decreased aminoacylation activities resulted from the substitution with guanine. The results suggest that aminoacylation of proto-tRNA might have started through the direct hydrophobic (or stacking) interaction between the large, hydrophobic amino acid residue (now utilizing a class I aaRS) of aminoacyl-AMP and the 3'-terminal adenine. The shorter distance between the adenine and the 2'-OH position than the 3'-OH position, and the bulkiness and hydrophobicity of amino acids may be important reasons why class I aaRSs select the 2'-OH position in aminoacylation. Molecular mechanics-based conformation modeling also indicated that the resulting positioning of the adenine and the amino acid residue of 2'-aminoacyl-adenosine for large amino acid is in the vicinity. In contrast, in the case of small amino acids (with class II aaRSs) which would not be able to use the hydrophobic interaction, a protein enzyme might have participated in the aminoacylation reaction from an early stage. The active-site folds of aaRSs belonging to each class reflect the history of evolution: typical nucleotide-binding fold (Rossman fold) in the case of class I aaRSs, and primitive fold which is found also among the family of nonribosomal peptide synthetases in the case of class II aaRSs.